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Abstract
We analyze 12 years of mesoscale vertical motion derived from an observation-based product in
the top 1000 m of the North West Atlantic Ocean. Vertical velocities [O(10 m day-1)] associated
with Gulf Stream instabilities consist of alternating cells of upwelling and downwelling. Here we
show that the magnitude of the vertical motions decays exponentially southwards with an efolding length scale is informative on the dynamics of the system. We further investigate the
impact of the vertical supply of nutrients on phytoplankton growth with a conceptual model
incorporating the mean effect of nutrient distribution, quasi-geostrophic dynamics and Ekman
suction/pumping. Results confirm that the mean effect of mesoscale vertical velocity variability
alone can sustain observed levels of net primary production in the immediate vicinity of the Gulf
Stream, while other mechanisms, including horizontal advection and submesoscale dynamics, need
to be considered when moving towards the subtropical gyre.

Vertical motion – Quasi-Geostrophic (QG) framework
Vertical motion associated with mesoscale and sub-mesoscale
oceanic features is of fundamental importance for the exchanges
of heat, fresh water and biogeochemical tracers between the
surface and the ocean interior (Ruiz et al., 2009; Gaube et al.,
2013). Unfortunately, direct measurements of the vertical
velocity are difficult to obtain for usual values (order 10’s m/
day). Various indirect methodologies have thus been proposed to
estimate vertical velocity from observed density and geostrophic
velocity fields. The most used technique is based on the solution
of the quasi-geostrophic (QG) Omega equation (see Eq. 1 and
2).
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(Eq. 2)

QG approximation valid for Ro = U/(f L) << 1

(U,V): geostrophic velocity components
w: quasi-geostrophic vertical velocity (QG-w)
Q: Q vector
N: Brunt-Vaisala frequency
f: Coriolis parameter

Ro: Rossby number
L: characteristic scale
Hoskins et al. (1978)
Tintoré et al. (1991)

QG-w derived from synthetic fields
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3D fields of temperature, salinity and steric height derived
from an observational-based product that combines
satellite (SST and altimetry) and in-situ (Argo profiling
floats, XBT, CTD and moorings) data. (Guinehut et al.
2012).
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Fig. 1: Vertical velocity (m
at 100 m, obtained by integrating the QG omega
equation from the 3D field of ARMOR3D corresponding to September 2005.
Horizontal geostrophic currents are overimposed.

Upwelling upstream of a meander crest
Downwelling downstream of a meander crest

U = 1 m s-1, f = 10-4 s-1, and L (half diameter) = 100 km -> Ro ~0.1

An analytical model to explain the NPP response to QG-w
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QG-w patterns are
consistent with
those predicted by
QG theory (Pascual
et al. 2004; Gomis et
al. 2005)
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Key Points

Observed Net Primary Production (NPP)

• New estimation of vertical velocity derived from
an observational-based approach that combines
in situ and satellite (altimetry and SST) data.
• QG-vertical velocities can sustain net primary
production in the Gulf Stream.
• The same methodology can be applied to other
regions of the Global Ocean.

Fig. 2: Horizontal geostrophic currents at 100 m derived from ARMOR3D data for September
2005. The colormap corresponds to the monthly mean of net primary production (mg C m-2
day-1) for the same month from Oregon State University.

Conceptual model by LATHUILIERE et al. JMR 2011 (L11)

Nutrients at the subsurface layer
World Ocean Atlas (WOA)
climatology (Boyer et al., 2009)

Climatological Ekman
pumping - Scatterometer
Climatology of Ocean
Winds (SCOW) (Risien
and Chelton, 2008) and
wEk estimated in this
study.
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Fig. 3: Vertical velocity inputs for the application of the
L11 model, as a function of latitude, averaged from
65ºW to 40ºW and over 1998-2009 period: (Top) Rms
of QG-w at 100 m (cm day-1); (Bottom) Climatological
Ekman vertical velocity (cm day-1).
Fig. 4:
Observed
mean NPP (in
blue the NPPVGPM, green
Eppley and
red cbpm)
versus
modelled
mean NPP
(grey) as a
function of
latitude.

Fig. 5: Snapshot of QG-w (top) at 104 m estimated from temperature and salinity POP model
fields (Anderson et al. 2011) and given POP vertical velocity (bottom). Correlation: 0.74.

QG-w explains more than 70% of the model-w variance.

• Vertical motion is a crucial variable for better
understanding the biogeochemical response at a
wide range of scales.
• More details in: Pascual et al. GRL (2015)
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